The aim of this study was prospectively to monitor the volume flow in patients with arteriovenous fistula (AVF) with the angle independent ultrasound technique Vector Flow Imaging (VFI). Volume flow values were compared with Ultrasound dilution technique (UDT). Hemodialysis patients need a well-functioning vascular access with as few complications as possible and preferred vascular access is an AVF. Dysfunction due to stenosis is a common complication, and regular monitoring of volume flow is recommended to preserve AVF patency. UDT is considered the gold standard for volume flow surveillance, but VFI has proven to be more precise, when performing single repeated instantaneous measurements. Three patients with AVF were monitored with UDT and VFI monthly for five months. A commercial ultrasound scanner with a 9 MHz linear array transducer with integrated VFI was used to obtain data. UDT values were obtained with Transonic HD03 Flow-QC Hemodialysis Monitor. Three independent measurements at each scan session were obtained with UDT and VFI each month. Average deviation of volume flow between UDT and VFI was 25.7 % (Cl: 16.7% to 34.7%) (p= 0.73). The standard deviation for all patients, calculated from the mean variance of each individual scan sessions, was 199.8 ml/min for UDT and 47.6 ml/min for VFI (p = 0.002). VFI volume flow values were not significantly different from the corresponding estimates obtained using UDT, and VFI measurements were more precise than UDT. The study indicates that VFI can be used for surveillance of volume flow.
INTRODUCTION
The increasing number of patients with diabetes mellitus and elderly patients with vascular disease, increase the amount of patients dependent on hemodialysis (HD).
1,2 HD patients need a well-functioning vascular access with constant delivery of blood flow to the dialysis machine and a low complication rate. A well-functioning vascular access is strongly associated with adequate dialysis and prolonged patient survival. 3 The arteriovenous fistula (AVF) provides the best possible vascular access for HD, since it is sustainable and has fewer causes complications compared to other vascular access such as arteriovenous graft or central venous catheter. 3, 4 The AVF is a surgical created connection between an artery and a vein (Fig. 1) . The new shaped circuit, leads to thickening and dilation of a superficial vein that is ideal for repeated needle insertions for HD treatment (Fig 2) . The AVF is often created at the forearm, but can also be prepared at the upper arm. 5 Even though the AVF is the vascular access with fewest complications, up to 60 % of patients with AVF will experience dysfunction during the first 18 months after surgical creation. 6 The main reason for dysfunction is stenosis. A stenosis increases intra-access pressure and decreases blood flow leading to thrombosis and ultimately loss of the AVF. 6, 7 Therefore, detection of stenosis and correction of angiographically significant stenosis before thrombosis occurs, is crucial. 
Scan Setup
A commercial ultrasound scanner (UltraView 800, BK Medical, Herlev, Denmark) connected to a linear array transducer with a center frequency of 9 MHz (8670, BK Medical, Herlev, Denmark) with integrated VFI was used for scanning. The VFI scan was performed prior to the dialysis and the patients were positioned in a bed or dialysis chair. The patients rested 10-15 min. before the scan, so the blood pressure and heart rate was in habitual level before the scan. An area with approximately laminar flow was sought located in the longitudinal direction and three recordings of 15 seconds were performed (Fig. 3) . For each recording, pulse repetition frequency, depth and VFI gain was adjusted, thereby getting three independent VFI measurements of each patient to each scan session. For each recording, a corresponding VFI recording was performed in short axis view and the two perpendicular diameters of the vessel were measured (Fig 4) . To ensure that the longitudinal VFI recording was from the center of the AVF, the transducer was positioned where the AVF had its widest diameter, and the innermost layer of the vessel was visible both at the top and bottom. All scans were performed with a minimum of pressure from the transducer on to the skin to avoid deformation of the AVF. Within an average of 26.6 min (range: 15-70 min) after the VFI recording, UDT was measured. Three consecutive measurements were done with UDT. The UDT measurements were performed within an average of 8.1 min (range: 2-35 min) after the dialysis session had started.
Volume flow with Vector Flow Imaging
VFI is based on the Transverse Oscillation technique, which is an angle independent technique for vector velocity estimation with ultrasound 18 . VFI is FDA-approved and implemented on a commercial ultrasound scanner from BK Medical. Using VFI, the blood flow direction, magnitude and velocity is shown in 2D with color-coded pixels within a color box. To help interpret the flow profile, the scanner can superimpose arrows real-time on the color-coded pixels. The arrows indicate flow direction and velocity magnitude. Volume flow was calculated off-line using an in-house developed algorithm for MATLAB (MathWorks, Natick, MA, USA). The cross sectional area of the AVF is measured and the mean velocity is calculated from all the recorded VFI data. The mean velocity is calculated from the whole flow profile assuming that the profile is parabolic and circular symmetric. 225 frames of vector velocity frames corresponding to 15 seconds of data acquisition with a frame rate of 15 Hz were used for the volume flow estimation. The approach for volume flow calculation method is previously described by Hansen el. al. 16 
Volume flow with Ultrasound dilution technique
UDT is based on an indicator dilution method, where a known quantity of indicator substance (saline) is injected into the blood stream. The volume flow is found by measuring the change in blood concentration diluted by the indicator as a function of time. UDT is measured during dialysis by reversing blood lines. 19 In this study the UDT measurements were performed using a Transonic HD03 Flow-QC Hemodialysis Monitor (Transonic Systems Inc., Ithaca, NY, USA), and all measurements were achieved by nurses with at least five years of experience with the Transonic system. The manufacturer expects for two consecutive measurements a variation of 100ml/min with volume flow lower than 1000ml/min and 10% expected variation with volume flows above 1000ml/min.
Statistical analysis
For descriptive analysis, the mean volume flow and standard deviation (SD) were calculated for all patients with both techniques. Deviation was calculated relative to the gold standard UDT and an unpaired t-test was applied for analyzing the difference in volume flow between VFI and UDT. The difference between the standard deviation for all patients, calculated by the mean variance for each of the individual scan sessions, was analyzed by an unpaired t-tested. Microsoft Excel (Redmo ond, WA, USA) and IBM S SPSS statistics s (Armonk, N NY, USA) wer re applied for t the statistical analysis. Statistical sig gnificance leve el was set at 0 0.05. 
RESULTS
Results from each single scan session and deviations are listed in Table 1 . Average deviation of volume flow between UDT and VFI was 25.7 % (Cl: 16.7% to 34.7%, p= 0.73). Deviation range was 2.1% -52.5%. The standard deviation for all patients, calculated by the mean variance for each of the individual scan sessions, was 199.8 ml/min with UDT and 47.6 ml/min with VFI, being significantly different (p = 0.002). 
DISCUSSIONS AND CONCLUSION
The standard deviation of UDT was 199.8 ml/min and 47.6 ml/min for VFI, indicating more stable values with VFI (p = 0.002). To minimize the hemodynamic variations during a dialysis sessions, it is recommended to analyze the blood flow in the beginning of the dialysis session, thereby, making measurements between sessions more comparable. 20 The volume flow change between sessions is for clinical use the most interesting, since clinical decision of intervention is based on comparison between volume flow measurements during several dialysis sessions. Variance in needle placement, differences in hemodynamics, and vascular resistance in AVF, will cause larger variability in volume flow. 21 Keeping this in mind, VFI with lower variation for volume flow measurements is therefore recommendable.
The volume flow average deviation between UDT and VFI was 25.7 % based on three patients. Volume flow values between UDT and VFI were not significantly different. Due to change in hemodynamic variations and vascular resistance in the AVF at each dialysis session, the volume flow can vary considerably. Variations up to 40-50% have been reported. 20 This implies that VFI can obtain satisfactory volume flow values for surveillance of AVF.
Blood volume flow measurement is a significant predictor of vascular access dysfunction in a AVF, and reduced flow indicates stenotic lesions anywhere in the circuit. 3 Discovery of impending AVF failure by any method permits planned intervention with endovascular technique or open surgery and provides longer longevity of a matured AVF. 22 Blood flow measurements can also be used to predict recurrent stenosis in hemodialysis AVF, which is considered a major problem. the possibility of repeating the examination frequently, without the limitation of cannulation and attachment to the dialysis machine. The disadvantage of ultrasound is the operator dependency, and for conventional spectral Doppler ultrasound the low reproducibility reducing reliability. 11, 15 However, spectral Doppler ultrasound has been established to have a key role in management of hemodialysis vascular access. It is used to plan the construction of AVF by evaluating veins and arteries of the arm, and is considered a very important diagnostic tool together with the physical examination in the maturation period to check maturity parameters. It is also considered an important tool for surveillance, since it can provide information about access abnormalities, such as aneuryms, false aneuryms, and access induces ischemia. 24 The advantage of VFI compared to conventional spectral Doppler technique is the angle independency, which makes it less operator dependent. 16 AVFs can with VFI be scanned in their optimal position, where the angle of insonation is 90 degrees. The VFI can also give an immediate information on whether the flow is disturbed or laminar, as well as an assessment of where the velocities are highest. Compared to UDT, VFI can provide direct visualization of the AVF, thereby giving the option of evaluating for stenosis immediately and diagnosing complications such as hematoma, , aneuryms, and intraluminal thrombi. 10 A limitation to VFI is the 2D image visualization. While doing a longitudinal scan, assessing whether the beam is at the center of the vessel or not, can be challenging to determine. Hitting slightly off the center causes the volume flow to be underestimated. Another limitation is the assumption that the vessel is circular. The AVF is a superficial vessel, thus, easily compressed under the weight of the transducer. 25 This can change the geometry from circular to elliptical. However, UDT also has its limitations. The dialysis has to be initiated and the bloodlines have to be reversed before a flow can be obtained. This process takes time from the dialysis and is uncomfortable for both patient and dialysis nurse.
A larger study with more patients included is warranted to examine if VFI can replace UDT, as the preferred method for monitoring volume flow of AVF. This study indicates that VFI can estimate volume flow values, which are not significantly different from corresponding estimates obtained with golden standard UDT and that VFI is more precise than UDT.
